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Abstract 
The structure of the rock mass is a very important information, according to the results of the work of many 
researchers, the main parameter is taken into account to estimate the correct fragmentation as the structure of the 
rock mass by the discontinuities that divide them, the purpose of our work is systematically and numerically 
measure the orientation of discontinuities by the method of structural analysis after sampling lines using the 
technology of the stereographic projection of Stéreonet Version 2015 system in terms of the aggregate quarry 
Heliopolis - Guelma - Algeria and adequately characterize the massif by the method of scan line to determine the 
orientation and location of the main families, to estimate a number of geometric parameters such as distance, 
frequency, surface area and the fracture density. The results have shown that the massive studied through four 
operating areas is cut by three main families of discontinuities, a dominant primary family orientation inclined 
position, a prominent family in secondary vertically oriented position, tertiary family in predominantly horizontal 
orientation position. The structural analysis distinguished the average fracture density. 
© 2015 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of the organizing committee of WMESS 2015. 
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1. Introduction 
 
The cornerstone of any structural geology analysis is the practice characterization discontinuities of the rock mass 
(J.L. Durville, 2001). Even the most sophisticated analysis can become a meaningless exercise if the geological 
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model with discontinuities on which it is based unsatisfactory or imprecise. The appearance of the engineering 
geology and structural geology as a documented scientific field is an important step in the development of mining 
engineering and knowledge of the rock of the rock mass. (H. Heraud, M .Livret, 1987), (F. Homand- Etienne, B. 
Berthout, R. Houpert , P. Chapot,1987). (P. Alfonsi, O. Fouché, 2003). 
At Heliopolis, limestone massif is disturbed by the discontinuities, we thought it useful to address in this study the 
problem of estimation and characterization of natural massive discontinuities which is based on systematic sampling 
of the following structures measurement lines along each area of operation proposed by ISRM 1997, the main 
evaluation  parameters taken into account to estimate the rocks mass structure are the results of several researchers, 
(H. Héraud and al, 1991, J.A. Fleurison, 1997, J.F. Serratrice, J.L. Durville ,1997), the parameters are geometric 
properties discontinuities such as orientation, density, spacing, extension, frequency, surface area, the extension, 
there are several evaluation methods, structural geology researchers use the stereographic projection model predict 
the spatial distribution of the main families of discontinuities (D. Fouramaiteaux, 1973, M. Panet ,1967), the rose 
pattern adjusted by contours and discontinuities density of stereograms.  
 
2. Materials and methods 
2.1. Experimental Materials 
The recent evaluation of the technical structure of the rock mass discontinuities (J.D. Mouza, F.Hadj Hassen, 2002, 
use a treatment program by the stereographic projection technique allows fast and accurate assessments of the 
distribution of the major families, there are a number of treatment such as stereographic system Stéreonet (RW 
Allmendiger, 2015) that we will consider in our study due to the very good performance and availability of our 
laboratory. The application of this treatment technique stereographic direction data discontinuities, was applied to 
the farming areas a series of guidelines for measuring discontinuities per scan line in characterizing first the azimuth 
and dip (T. Serradj, Y. Djamaa, M. Touati,  2013), (T. Serradj, 2003) , the registration of certain observation 
characteristic parameters such as the extension or the lengths of trace discontinuities, filling, roughness, etc., while 
taking measurements of guidelines takes a series of pictures of faces exhibition stands showing operating 
discontinuities with the help of a digital camera canon 100 high-resolution pictures across the surface in deferent 
location of the massif, (753) discontinuities were measured with the help of the compass, with the aid of a scan line 
with a length of 20 m along the total length of operating bench, equipment used consisted of a scan line of 20 m, a 
marker, a compass and inclinometer, a book field types plugs samples, measurement data discontinuities have 
summers introduced into processing software stereographic Stéreonet, 2015. 
 
2.2. Methodology 
2.2.1. Classification 
Natural discontinuities massive study is divided into two main groups: fractures or cracks, the morphologically these 
fractures behaving two lips and an opening, cracks and fractures intersect the benches of solid angles, it is usual to 
classify these sizes into three groups compared to the thickness of the benches, small, medium and large, Fig. 1. 
 
2.2.2. Method of measurement of discontinuities 
The method to identify discontinuities, is the manual method that involves the use of equipment which is usually a 
compass and inclinometer defined by the following parameters: The dip where the dip of discontinuity is the angle 
that is the line of greatest slope with the horizontal between 0 - 90°, Azimuth is the angle between the line of 
maximum slope with the North between 0-360°. 
 
2.2.3. Survey method guidelines 
The study method discontinuities guidance for the study area is usually done by systematic sampling line or 
continuous up proposed by ISRM 1997 or lines scan method. (S.D.  Priest, J.A. Hudson, 1981).  This technique 
involves stretching a measuring chain along the outcrop of massive, systematic measures were all discontinuities 
intersect the sample line or level 1 is characterized by 17 measuring lines along a fracturing string 380 m, the steps 2 
and 3 by 20 rows along a fracturing string of 400 m, the step 4 on 15 measurement lines along a fracturing string 
300 m. 
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Fig. 1 Various scan lines of rocks mass. 
2.2.4. Extension discontinuities 
The extension is measured as the largest visible length of the trace, and by (ISRM, 1997) the extension classes are 
shown in Tab. 1.  
 
 Table 1. Classes of extensions discontinuities (ISRM, 1997).  
Extension discontinuities Length of the track (m) 
Small < 1  
medium 1 to 3  
Great > 3  
 
2.2.5. Spacing of discontinuities 
The spacing (Es) is the distance between the discontinuities along a measurement line, it is expressed by (m) for a 
family of discontinuities define a fracturing frequency (f) expressed as number fracture by m, it is measured for each 
measuring line and which is the inverse of the spacing between the discontinuities, the spacing classes are illustrated 
in Tab. 2 below, the calculation formulas are illustrated as follows: 
         ൌ Ȁ െ ͳ (m)        (1) 
 
     Es - the spacing between the discontinuities of a family. 
 L   -length of the measuring line, N: number of fractures, N-1 Number of intervals. 
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    Es true mean = Es medium x  ߙ(m)       (2) 
 
ߙǣ  Average dip angle of a family of discontinuities. 
 
	 ൌ ͳ ൗ   (Fr / m)        (3)
  
F: frequency discontinuities of a family along each measurement line. 
 	 ൌ σ 	 ൌ 	ͳ ൅ 	ʹ ൅ 	͵ ൅ڮ	୒୍ୀଵ (m2/ m3)      (4) 
 
Sf: the surface area of a family of discontinuities. 
 	 ൌ ͳ ൅ ʹ ൅ ͵ ൅ڮ Ȁ (m)       (5) 
 
DF:  Fracture density of a family. 
ID Interval of successive discontinuities along each measurement line. 
 
 Table 2. Classes Spacing of discontinuities, (AFTES, 2001). 
Classes Spacing (m) Descriptive Term 
Es1 > 0.200 Widely  spaced discontinuities
Es2 0.60 – 0.200 Spaced discontinuities
Es3 0.20 – 0.60  Medium spaced discontinuities
Es4 0.06 – 0.20 Discontinuities close
Es5 < 0.06 Closely spaced discontinuities
 
2.2.6. Levies representation 
ISRM, 1997 edited by plug-type levy discontinuities that appeal to a certain code numbers that are set in advance for 
the user.    
           Table 3. Record Type: Principle of the data writing of cracking suggested by ISRM 1997. 
 
Career: ………………                                                                                        Rock type: ……………… 
Work: ………………                               
Orientation: ………..                                                                                          Survey made by: ………. 
      
 Lines 
measurement 
Number 
Orientation Extension Surface property Filling Remarks 
Azimuth dip G M P L O R A C Q  
1 130 40  •   •  •    
  Symbols: G: large, M: Medium, P: small, O: open, R: rough, A: clay, C: calcite, Q: quartz, L: smooth. 
 
2.2.7. Fracturing network analysis 
Analysis of a fracture network will first seek to define the number of families that constitute it, to analyze for each 
of them a certain number of characters: attitude, distance, frequency and fracture density, specific surface. 
 
2.2.7.1. Number of discontinuities families 
Stereographic projection is a graphical representation in two dimensions of structural geological data. The latter 
allows distinguishing the discontinuities of a family with random discontinuities. It can be used manually or using 
software. The analysis of the stereographic projection to determine the number of fractures families and the 
orientation means poles of each family identified discontinuities. Another element to consider is the number of 
discontinuity families; this parameter is called by C. Louis D. Fouramaiteaux 1974 and 1973, which proposes the 
rankings shown in the Tab. 4 below: 
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   Table 4. Classification of families of discontinuities, D. Fouramaiteaux, 1973. 
Descriptions 
Massive rock, none or very few randomized discontinuities 
A family of discontinuities 
A family + random discontinuities. 
Two families + random discontinuities 
Two families of discontinuities 
Three families 
Three families + random discontinuities 
Crushed rock. 
2.2.7.2. Fracture density 
The index ID (interval between discontinuities) is the average of the intervals by the cut successive discontinuities 
along a measuring line (axis of a drilling or measurement line on outcrop). Classes of density are shown in Tab.5: 
  
   Table 5. Classification of discontinuity density AFTES 2001
 
Classes ID interval between index discontinuities (m) Descriptive term of the density of discontinuities 
ID1 > 0.20  Very low density discontinuities
ID2 0.60 – 0.20  Low density discontinuity
ID3 0.20 – 0.60  Average density discontinuity
ID4 0.06 – 0.20  Unsharp density
ID5 < 0.06  Very sharp discontinuity density.
 
2.2.7.3. Specific surface discontinuities: 
the specific surface Sf which is the sum of the discontinuities in 1m3 field surfaces it is expressed in m2 / m3, for 
ISRM, 1997, the density is impossible to measure since discontinuities surfaces are not accessible, good is obtained 
evaluation of the specific surface area as the sum of the frequencies measured along the sampling line. 
 
2.3. Results and discussion 
The stereographic projection highlights three main families of fractures; their relative importance is clarified by 
stereograms contours, pink diagrams and block diagrams of guidance. It is a dominant primary family average 
extension position inclined orientation, predominantly secondary family has a great extension of sub vertical 
orientation vertical position, in a dominant tertiary family has a small extension horizontally oriented position, the 
analysis of massive fracturing network characterizes the density high fracturing or disrupted mass is spaced 
discontinuities very spaced. The results are illustrated by contours stereograms and pink diagrams, Fig. 2, 3, 4, 5, 
and Figs. 6, 7, 8, and 9 on block diagrams, the measurement results from the network of discontinuities are 
illustrated in Tab. 6. 
 
 
 
Fig. 2 Contours stereograms, pink discontinuities diagram of the bench 1. 
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Fig. 3 Contours stereograms, pink discontinuities diagram of the bench 2. 
   
Fig. 4 Contours stereograms, pink discontinuities diagram of the bench 3. 
 
Fig. 5 Contours stereograms, pink discontinuities diagram of bench 4.
 
 
Family 1 Family 2 Family 3
Fig. 6 Block diagrams of orientations families of bench 1.
                                                                                                       


Family 1 Family 2 Family 3
Fig. 7 Block diagrams of orientations families of bench 2.
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
 
Family 1 Family 2 Family 3
Fig. 8 Block diagrams of orientations families of bench 3. 



Family 1 Family 2 Family 3
Fig. 9 Block diagrams of orientations families of bench 4.
 
 
Table 6. Analysis of results of the massif of discontinuities network. 
Benchs/family 
fractures 
Numbers Max 
values 
(%) 
Measures 
lines  
(n) 
Azimuth 
(°) 
Dip 
(°) 
Spacing 
(m) 
Frequency 
(fr / m) 
Specific 
Surface 
(m2 / m3) 
Density of 
fracturing 
(m) 
Bench 1 
Family 1 38 19.00 09 N340 60.97 0.3109 0.3573 3.2157 0.1888 
Family 2 110 54.50 16 N290 31.69 0.1612 0.3877 6.2032 0.3093 
Family 3 52 26.50 16 N270 15.59 0.3804 0.1643 2.6289 0.1031 
Bench 2 
Family 1 84 36.84 19 N330 63.42 0.1309 0.4020 7.6388 0.1710 
Family 2 101 44.30 19 N240 33.94 0.1722 0.3055 5.8057 0.2078 
Family 3 43 18.86 17 N250 16.86 0.4595 0.1279 2.1759 0.0529 
Bench 3 
Family 1 89 47.59 15 N340 47.59 01.3668 0.7316 11.0415 0.1825 
Family 2 76 40.64 13 N240 40.64 02.5950 0.3853 5.0089 0.2192 
Family 3 22 11.76 09 N260 11.76 8.3129 0.1201 1.0814 0.0444 
Bench 4 
Family 1 33 25.78 09 N340 65.51 2.3042 0.4339 3.9059 0.1388 
Family 2 57 44.53 12 N260 40.21 3.2685 0.3059 3.6714 0.2083 
Family 3 38 29.68 09 N290 13.94 4.7168 0.2120 1.9080 0.1333 
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3. Conclusion 
 
      Characterization the massif of Heliopolis career Guelma - Algeria is the thread of our work. We are aware of 
some shortcomings of characterization models is to estimate these important structures in the field of structural 
geology. However, they allow the receivers to be very close to reality, the results are influenced by tectonics of the 
massif, its characterization is laborious and beneficial, data on a massive properties must be updated as and 
measurement the progress of mining operations by the appearance of new discontinuities in situ (T. Bieniawski, 
1989).  
      The combination of various new analytical techniques have enabled us to estimate adequately, and characterize 
the rock mass, (B. Muller, 1997) to analyze a certain geometrical parameters, that indicate orientation and the 
number of families, that constitute the spacing, frequency, surface area and density for each fracturing family this 
stereographic projection software such as Stereonet 2015. Stereonet provides a good discontinuities treatment 
evaluation structural.        
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